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ABSTRACT We determined efficacy of AV-10111 (a 50% anthraquinone product; Arkion1 Life Sciences,
New Castle, Delaware) on drill-planted rice seed to reduce blackbird damage and determine residue levels of
anthraquinone (AQ) in rice seeds and seedlings and in the mature rice crop under field enclosures at the
University of Missouri-Delta Center farm near Portageville, Missouri. Red-winged blackbird (Agelaius
phoeniceus) damage was higher for untreated than AV-10111 treated rice seedlings at assessment period 3, 15
days postplanting (F1,141 ¼ 15.81, P < 0.001), and at assessment period 4, 19 days postplanting
(F1,136 ¼ 11.54, P ¼ 0.001). Blackbird damage to AV-1011-treated seedling for assessment periods 3
and 4 was 8% and 7%, respectively, while blackbird damage to untreated seedlings during the same
assessment periods was 52% and 44%. More blackbirds used untreated plots than AV-1011-treated plots
during assessment periods 2–4 (F1,17.8 ¼ 20.02, P < 0.001). Overall concentrations of AQ on seeds
averaged 5,993 mg/g or 0.59% during the test period. Concentrations of AQ in mature rice seed and plant
collected at harvest averaged 1.22 mg/g and 0.10 mg/g, respectively. AV-1011 offers promise for reducing
bird depredations to newly planted rice, but additional testing should be conducted to evaluate this repellent
in a large-scale field setting.  2011 The Wildlife Society.
KEY WORDS Agelaius phoeniceus, anthraquinone, AV-10111, birds, bird repellent, blackbirds, rice, seedling damage,
wildlife damage management.
Rice is an important economic crop in Arkansas, California,
Louisiana, Missouri, Mississippi, and Texas with approxi-
mately 203,733,000 hundred weight (cwt) in production and
a value of $3.6 billion in 2008 (United States Department of
Agriculture [USDA], National Agricultural Statistics Service
2008). Red-winged blackbirds (Agelaius phoeniceus), common
grackles (Quiscalus quiscula), and brown headed cowbirds
(Molothrus ater) cause extensive damage to newly planted
rice and ripening rice in several areas of these rice producing
states (Cummings et al. 2002). Estimated economic loss to
the rice industry in Arkansas, California, Louisiana,
Missouri, and Texas during 2002 from blackbirds due to
direct damage, prevention, and lost price support has been
estimated at $21.5 million (Cummings et al. 2005).
Economic loss in 2008 was estimated at $38.1 million based
on the 2008 value of the crop (S.A. Shwiff, USDA, personal
communication). Various federal, state and local agencies,
and rice growers associations consider resolving blackbird
damage to rice a high priority.
Rice growers employ several methods to alleviate blackbird
damage, such as habitat manipulation, mechanical and
pyrotechnic devices, and shooting (Dolbeer et al. 1994).
Few stakeholders believe these methods are effective or
logistically practical. The ineffectiveness of current manage-
ment tools has stimulated efforts to develop an effective,
economical, and environmentally safe chemical repellent
(Cummings et al. 1992, 1994; Werner et al. 2008a,b).
One such chemical is anthraquinone (AQ), which is a
naturally occurring compound found throughout the plant
kingdom and first patented in 1944 as a bird repellent. It
occurs in many invertebrates and some appear to have a
predator defense function (Hilker and Kopf 1994). Its
bird-deterrent capability has long been recognized and it
is now registered and sold under the product name Flight
Control1 (Arkion1 Life Sciences, New Castle, DE) as a
feeding deterrent against geese on lawns and turf (Cummings
et al. 2002). Results of controlled laboratory studies and small-
scale field tests in water-seeded rice indicate that concen-
trations from 0.5% to 1.0% AQ are effective in reducing rice
consumption by blackbirds (Avery et al. 1998, Cummings et al.
2002). No definitive tests with AQ have been conducted on
drill-planted rice.
In 2006 and 2007 the United States Environmental
Protection Agency (EPA) approved an emergency use
Section 18 application of AV-10111 (Arkion Life
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Sciences) for use on corn in Michigan, Minnesota, and
Wisconsin. Since then other states including Texas, South
Dakota, Louisiana, and Mississippi have also gained appro-
val under Section 18 for corn. In addition, Arkion Life
Sciences has been pursuing EPA registration of AQ under
the product name AV-10111 (a 50%AQ product) to protect
rice seed from bird depredations. We sought to determine
the effectiveness of AV-10111 as a blackbird repellent on
drill-planted rice and to determine AQ residues in the rice
plant and mature seeds.
METHODS
We selected a 2% concentration (ml/g) of AV-10111 (50%
active ingredient 9, 10 AQ or a 1% active AQ) based on
earlier findings from field tests conducted on water-seeded
rice in Louisiana (Cummings et al., 2002). Also we suspected
that drill-planted rice might be vulnerable to blackbird dam-
age for a longer period of time, 20–30 days, which would
require a concentration that did not degrade below a repel-
lency threshold of 1% product or 0.5% active AQ.
We evaluated the consumption of drill-planted rice treated
with 2% (ml/g) AV-10111 and untreated rice by red-winged
blackbirds within 10 experimental enclosures, or netted plots
(each 9.1 m long, 3.7 m wide). We planted rice seed in plots
following normal drill planting practices to a depth of 2 cm
into moist soil and enclosed 20May 2008 at the University of
Missouri-Delta Center farm near Portageville, Missouri.We
established 2 subplots (each 4 m long, 3 m wide) within
each plot. We randomly assigned treatments (treated and
untreated) among subplots such that we planted one subplot
with rice seed treated with 2% AV-1011 and one plot with
untreated rice seed. We placed 5 male naı¨ve red-winged
blackbirds into each enclosure with unrestricted access to
all subplots immediately following planting. We maintained
5 blackbirds in each enclosure with access to water ad libitum
and maintenance food (300 g mixed bird seed). Water and
food pans were centered within test enclosures throughout
the study. The National Wildlife Research Center (NWRC)
Institutional Animal Care and Use Committee approved
capture, care, and use of birds associated with this study
(NWRC Study Protocol QA1560).
We prepared treated seed rice by placing 4 kg of rice seed in
a mixing container. As the mixing container rotated for 3 min,
we sprayed a water formulation containing 80 ml of AV-1011
onto the rice. We placed AV-1011-treated rice under a drying
hood for 24 hr and then packaged it for planting. Additionally,
we collected a 20 ml sample of the AV-1011 formulation, a
20 g sample of 2% AV-1011-treated seed rice, and a 20 g
sample of untreated rice for chemical analysis.
We determined blackbird consumption of AV-1011-treated
rice and untreated rice by counting the number of seedlings
remaining at 5 days interval starting 5 days postplanting
(26 May 2008) and until the conclusion of the test, 19 days
postplanting. Within each subplot, we randomly placed 4
screen exclosures (30 cm  30 cm  10 cm) over the same
number of rows of planted rice seed to provide an estimate of
undamaged seedling density. At each 5 day interval, we
assessed consumption of rice seedlings by randomly placing
a 30 cm  30 cm grid about 0.6 m from the exclosure to
record the number of seedlings remaining. We marked grid
corners with 4 cm wood markers so we could conduct sub-
sequent assessments from the same fixed location.We analyzed
blackbird damage to seeds and seedlings using a 3-factor
factorial mixed model analysis of variance in a randomized
block design. The 3 factors were treatments, exclosures or
grids, and assessment period (SAS 2003).
We determined the germination rate of rice seed treated
with 2% AV-1011 and untreated rice seed prior to planting
following the Association of Official Seed Analysis seed
testing rules for rice (Association of Official Seed Analysts
1981). We placed 10 10-seed replicates of treated and
untreated seed in a growthmedium andmonitored them under
controlled greenhouse conditions at the University of
Missouri’s Delta Center, Portageville, Missouri. We recorded
rice seed germination at 5 days and 14 days postplanting.
We conducted daily bird observations from 0630 to
1100 hr during the test period to determine use of subplots
by blackbirds. We recorded the number of blackbirds in each
subplot each minute for a 10-min period. We conducted
observations from the same location each day to reduce
observation bias and minimize any influence on birds. We
used a 2-factor factorial design to analyze bird observations;
factors were treatments and days (SAS 2004).
We planted 2 additional plots adjacent to test enclosures to
determine AV-1011 residues at various stages of rice plant
growth. We followed the same procedures for planting
treated and untreated rice seed in each plot. We collected
rice seedling stages postplanting when susceptible to black-
bird damage; we collected seedlings on 26 May (5 days
postplanting), 30 May, 4 June, 9 June, and 14 October
2008 (harvest). These time periods reflect the stages when
rice seedlings are most susceptible to blackbird damage. We
collected 2 5 g samples from random locations in each plot,
separated seeds from seedlings, and individually labeled
samples before freezing and shipped them to the NWRC
for processing and analysis (NWRC Method 102A, 107,
109B). At harvest, we collected 2 5 g sample of the entire
plant above the roots and labeled, froze, and shipped samples
to the NWRC for processing and analysis (NWRCMethod
102, 107, 109B). Prior to analysis, we separated rice panicles
from the plant and analyzed them separately.
RESULTS
At assessment period 1, 5 days postplanting, it was difficult to
determine whether blackbirds had consumed any rice seeds
because seedlings had not emerged above ground (Fig. 1). At
assessment period 2, 10 days postplanting, seedlings started
emerging and we detected some damage, however, it did not
differ between treated and untreated plots (Fig. 1). At assess-
ment period 3, 15 days postplanting, blackbirds damaged
more untreated seedlings (52%) than AV-1011-treated rice
seedlings (8%; F1,141 ¼ 15.81, P < 0.001; Fig. 1). At assess-
ment period 4, 19 days postplanting, blackbirds damaged
more untreated seedlings (44%) than AV-1011-treated rice
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seedlings (7%; F1,136 ¼ 11.54, P ¼ 0.001; Fig. 1). There
was no difference between seedling counts in enclosures
for AV-1011 (x ¼ 23 and 27, assessment periods 3 and 4,
respectively) and untreated enclosures (x ¼ 27 and 32,
assessment periods 3 and 4, respectively) indicating that
there were no phytotoxic effects to rice seedlings from the
treatment. This lack of phytotoxic effects was verified by the
results of the rice seed germination test, which showed no
difference in the germination rate of rice seed treated with
2% AV-1011 (89.5%) and untreated rice seed (92%;
t ¼ 0.81, P ¼ 0.423).
Bird counts among plots did not differ during the first
assessment period (days 1–5 postplanting) before most rice
seed germinated (Fig. 2). As seedlings emerged during
assessment periods 2–4, we counted more blackbirds using
untreated plots than AV-1011-treated plots (F1,17.8 ¼
20.02, P < 0.001).
The amount of AQ in AV-1011 used to treat rice seed
averaged 51.6%. The target formulation concentration of
AQ on rice seed was 1.0% at planting; the actual concen-
tration of AQ on rice seed after treatment averaged
0.97  0.01%. Concentrations of AQ on rice seed
from seedlings collected each assessment period averaged
6,245 mg/g, 5,885 mg/g, 6,250 mg/g, and 5,595 mg/g for
5 days, 10 days, 15 days, and 19 days postplanting, respect-
ively. Overall concentrations of AQ on seeds averaged
5,993 mg/g or 0.59% during the test. Residues on all control
samples were below the method limit of detection (MLOD;
MLOD ¼ 4.91 mg/g AQ). Concentrations of AQ in rice
seedlings collected 5 days, 10 days, 15 days, and 19 days
postplanting averaged 14.4 mg/g, 13.5 mg/g, 12.5 mg/g, and
26.8 mg/g, respectively. All control rice seedling samples
were below the limit of detection (MLOD ¼ 4.91 mg/g
AQ). Concentrations of AQ on mature rice seed collected
at harvest averaged 1.22 mg/g, control samples were
<MLOD ¼ 1.3 mg/g AQ. Concentrations of AQ in
mature rice plant collected at harvest averaged 0.10 mg/g;
control samples were <MLOD ¼ 0.077 mg/g AQ.
DISCUSSION
Small field test sites commonly used to meet the EPA’s
acreage limitation of 4 ha, together with the necessity of
destroying the crop after the test, often make it difficult to
evaluate bird repellents under ordinary conditions. Bird
pressure is often unpredictable and too low to successfully
evaluate a compound in such small plots. The enclosures we
used ensured there would be bird pressure throughout the
test, which allowed us to evaluate the repellent under what
we considered severe conditions. The bird pressure in each
enclosure during the trial was equivalent to about 1,800 red-
winged blackbirds per ha per day. Under these conditions,
bird damage to treated rice seedlings (7%) was reduced by
84% compared with untreated seedling damage (44%).
Effectiveness of AV-1011 would probably be greater under
normal conditions encountered in rice fields, where birds
have alternative food and can move to alternative feeding
sites.
The mechanism of repellency for AV-1011 (AQ) is not
well understood (Avery et al. 1997, Avery 2002). Ingestion of
AQ-treated food by birds can produce vomiting, presumably
through irritation of the gut lining (Avery and Cummings
2003). Our preliminary observations support the findings
that indicate ingestion of AQ may cause a slight sickness
prompting an avoidance of treated seeds and seedlings
(Avery et al. 1997, Avery 2002). Data submitted to the
EPA suggests that AV-1011 poses no toxicological risk to
birds or mammals (EPA 1998). The lethal dose (LD50) is
>3,000 mg/kg for bobwhite quail (Colinus virginianus) and
>5,000 mg/kg for rats (Rattus norvegicus) and rabbits
(Oryctolagus cuniculus). Damage assessments and bird obser-
vations seem to indicate that blackbirds that have consumed
AV-1011 will avoid consuming it on repeated encounters.
Bird observations indicate that AV-1011 caused site avoid-
ance of treated subplots.
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Figure 2. Red-winged blackbird use of treated (2% AV-10111; 0.97%
active ingredient anthraquinone) and untreated plots. We drill-planted rice
in plots at the University of Missouri-Delta Center, Portageville, Missouri,
20 May 2008. Capped vertical bars represent standard errors.
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Figure 1. Rice seedlings remaining (X  standard error) in treated (2%
AV-10111; 0.97% active ingredient anthraquinone) and untreated plots
exposed to red-winged blackbirds. We drill-planted plots at the University
of Missouri-Delta Center, Portageville, Missouri, 20 May 2008. We also
show themean number of rice seeds or seedlings in treated and untreated plot
exclosures. Capped vertical bars represent standard errors.
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MANAGEMENT IMPLICATIONS
Development of an effective chemical bird repellent for
agriculture crops, especially rice, is an important economic
issue. Our results demonstrated that AV-1011 can be a viable
option for growers in reducing blackbird damage to newly
drill-planted rice. Rice seeding application rates range from
28 kg/ha for hybrid seed to 100 kg/ha for conventional seed,
which would cost from $22/ha to $79/ha to treat with AV-
1011, respectively. Use of hybrid seed rates would make AV-
1011 cost-effective for growers when protecting drill-planted
rice.
Based on our results and the extent of economic loss to rice
growers, the EPA granted an emergency use Section 18
application for use of AV-1011 on drill-planted rice in
Louisiana, Missouri, and Texas, which will provide an oppor-
tunity to evaluate AV-1011 on a large scale. Additional testing
should be conducted to determine efficacy of lower concen-
trations to make the product more cost-effective at various
seeding application rates and determine efficacy of AV-1011
for protecting water seeded and ripening rice.
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